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Abstract 

In most of the studies, toxic and harmful reducing agents were used for the chemical reduction of graphene oxide (GO) 

and into reduced graphene oxide (rGO). Here, onion juice is used as a natural and green reducing agent for the reduction 

of GO into rGO. The effect of onion juice concentration and reaction temperature on the reduction ability of onion juice 

have been studied. The present synthesis approach avoids the use of toxic and harmful chemicals for reduction of GO.  The 

mechanism of reduction of GO at various concentrations of onion juice is explained in terms of presence of cysteine in the 

onion juice as one of the chemical constituents. The X-ray diffraction (XRD) results revealed the high degree of reduction 

with superior quality. Transmission electron microscopy (TEM) images provide clear evidence for the formation of 

transparent and thin layers of graphene. We have extended our analysis to reveal the quality of rGO produced by onion 

juice assisted reduction of GO using D, G and 2D bands present in the Raman spectra. Moreover, we have discussed the 

role of onion juice concentration and reaction temperature on evolution of D and G bands and ID/IG ratio, which in turn 

tell the overall growth of graphene sheet.  Fourier transforms infrared spectroscopy (FTIR) measurements also show 

significant degree of reduction of GO. The UV-Vis. absorption spectrum further confirms the ability of onion juice to 

reduce GO into rGO. The synthesized product shows good dispersibility in aqueous solvent. Thus, the present report 

provides a green and facile approach for the synthesis of graphene derivatives with enormous potential. Copyright © 2019 

VBRI Press. 
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Introduction 

The increased attention in the development of carbon-

based nanomaterials has opened a new possibility for the 

fabrication of advanced functional materials. Among 

them, graphene has emerged as a novel material due to 

their outstanding physical and chemical properties [1]. 

The remarkable characteristics of graphene have led the 

development of new area in the field of nanoscience and 

technology-based research.  Since its discovery in 2004 

[2], the synthesis of graphene has been one of the hottest 

areas in scientific community to explore their 

prospective applications in various fields e.g. energy 

storages, sensors, catalysis and optoelectronics [3-5].  

 Among the existing methods for the production of 

graphene, solution based chemical reduction route of GO 

offers simple and controlled synthesis of graphene on 

industrial scale. In solution based chemical reduction, 

GO is mostly reduced by highly toxic reducing agents 

such as hydrazine derivatives [6], ethylenediamine [7], 

hydroquinone [8] and sodium borohydrate [9] etc. The 

presence of the poisonous agents in these reducing  

 

agents put harmful effects towards ecological systems 

and further it also restricts their use in various areas. 

Moreover, the handling of these risky reducing agents is 

also a big hurdle and it also makes the entire synthesis 

process relatively costly. The above mentioned issues 

may nicely be addressed using natural reducing agents 

instead of chemical one. Many efforts have already been 

made by the scientific community towards green 

reduction of GO by natural products such as green tea 

[10] wild carrot root [11], leaf extracts [12], vitamin C 

[13], reducing sugar [14], glucose [15], cellulose [16], 

lemon juice, vinegar [17] and bacteria [18]. The main 

straightforward goal of any reduction protocol is to 

produce graphene like structure by reducing GO into 

rGO. However, in most of the cases, either an additional 

stabilizer with specific atmosphere is needed or the 

quality of final product is poor (exhibited highly 

agglomerated morphology). Therefore, the development 

of new low-cost green reducing agents for efficient 

reduction of GO into rGO at large scale is still highly 

desirable especially, which show solubility in water. 
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 Taking advantage of reported literatures into 

account, herein, we present a facile and green novel 

approach to produce rGO through reduction of GO using 

onion juice. The change of the color of reaction mixture 

of GO from brown to black during synthesis confirms the 

removal of oxygen containing groups into rGO and 

signify the reduction efficiency of the present approach. 

The present approach demonstrates several unique 

features over the earlier reported strategies, which makes 

it relatively attractive for large scale production of rGO 

for practical applications: (i) the whole reduction process 

is environmental friendly, and no synthetic chemical is 

used (ii) it is relatively cheap and safe and does not need 

any external stabilizer or specific atmosphere (iii) it does 

not have a complex procedure and (iv) no hazardous 

waste is generated. The obtained rGO is characterized by 

different analytical and spectroscopic techniques. The 

transformation of GO into rGO using onion juice is 

clearly observed. 

Experimental 

Synthesis 

GO was prepared by oxidizing the graphite powder in a 

mixture of concentrated sulfuric acid and phosphoric 

acid using KMnO4 as reported previously [19] and 

demonstrated by Tour [20]. The onion juice was 

extracted from onion (red color) directly. In a typical 

experiment, 50 mg GO was added in 50 ml DI water and 

sonicated for 30 min. Thereafter, onion juice (0.5, 1.5, 3, 

5 and 10 ml) was added to the colloidal solution of GO 

and stirred it for 2 hours (h) at room temperature and in 

an open atmosphere. Thereafter, the resultant solution 

was transferred into a Teflon lined autoclave for 

hydrothermal treatment at 150 0C for 12 h. Then, the 

solution was cool to room temperature. Subsequently, 

the resultant rGO was collected by filtration, washing 

with DI water followed by drying at 600C. To see the 

effect of reaction temperature on reduction ability of 

onion juice, another sample composed of GO and onion 

juice was also prepared via same method at 650C instead 

of room temperature. The samples rGO30_0.5, 

rGO30_1.5, rGO30_3, rGO30_5, rGO30_10 are named 

as S1, S2, S3, S4 and S5, respectively. The sample 

synthesized at 650C (rGO65_3) is named as S6. The 

schematic diagram of the synthesis procedure is 

presented in Fig. 1. 

Characterization 

To obtain the crystalline structure, reduction level and 

stacking of number of layers, the synthesized rGO 

samples were characterized by XRD, TEM, Raman, 

FTIR and UV-vis. spectroscopy. XRD spectrum was 

recorded on a Bruker Advance D8 diffractometer 

equipped Cu Ka radiation (λ=0.15406 nm). TEM images 

were obtained using JEOL JEM 2100 at 200 kV 

acceleration voltages. Raman spectra were taken using 

Renishaw Raman spectrometer (Renishaw, Wotton-

under-Edge, UK) using 514.5 nm argon ion laser as an 

excitation source. FTIR spectra were recorded on a 

PerkinElmer Spectrum 100 spectrometer. UV-Vis. 

absorbance spectra of the water soluble rGO suspension 

were recorded using Shimadzu UV-2450.  

Results and discussion 

Onion juice assisted reduction mechanism of GO 

The reduction mechanism of GO using onion juice could 

be explained using the essential amino acids (cysteine, 

leucine, tyrosine, lysine, threonine, valine, histidine 

etc.), sugars (sucrose, glucose, fructose, raffinose) and 

mineral elements (Na, K, Ca, Mg, Cu, Zn, Fe) present as 

 
Fig. 1. Schematic diagram for synthesis of rGO using onion juice. 
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chemical constituents in the onion juice [21]. The 

reduction of GO using amino acids [13, 22-24], sugars 

[14-16] and metals [25-27] has already been reported. 

Most importantly, the onion juice contains six 

derivatives of cysteine, which are referred as 

antioxidants. It is reported that the antioxidants behave 

like as reducing agents for their intriguing ability of 

donating a single electron or hydrogen atom for 

reduction [21]. It should be noted that antioxidants are 

reducing agent but not all reducing agents could be 

antioxidants. It is reported that the antioxidant capacity 

of cysteine derivatives is increased after boiling [21]. 

Thus, in the present work, the mixed solution of GO and 

onion juice was prepared at 650C under constant stirring 

before hydrothermal treatment to use maximum 

antioxidant capacity of cysteine derivatives for well 

reduction of GO.  To compare the effect of heating on 

reduction ability of onion juice, the mixed solution of 

GO and onion juice was also prepared at room 

temperature under constant stirring before hydrothermal 

treatment. Finally, the results obtained in the present 

study revealed that the reduction ability of onion juice is 

increased after heating with improvement in the quality 

of GO. The obtained results agreed well with the results 

reported previously [22-27]. The reduction of GO using 

onion juice is believed due to the presence of cysteine 

derivatives in it and the possible reasons have been 

explained. The structure of different derivatives of 

cysteine present in onion juice has been shown in Fig. 2. 

Each of the structure of cysteine derivatives contains 

sulfur and amine group (NH2), which may be responsible 

for the reduction of GO. The use of sulfur containing 

compounds allows de-epoxidation of GO more easily 

due to weaker C-S bond energy while the NH2 donate 

electrons to the oxygen functionalities attached to the 

GO surface [28, 29]. It is already reported that the several 

kinds of sulfur containing compounds such as NaHSO3, 

SO2, SOCl2, Na2S2O3, and Na2S can serve as efficient 

reducing agents [28]. There are also several reports on 

the reduction ability of amine group (NH2)[29, 30]. The 

results obtained in the present work strongly support this 

argument. Since many number of chemical constituents 

are present in the onion juice, the question which 

supposed to be addressed is (i) which functional group is 

reduced by sulfur compounds and (ii) which one is 

reduced by NH2 group?  

 Here, it is believed that the sulfur makes a C-S bond 

which is weaker compared to C-N bond. The sulfur atom 

may allow the de-epoxidation of GO more easily than 

NH2 followed by the opening of the ring of epoxide [28]. 

In contrast, NH2 group could also open the ring of 

epoxide and release water as by product. The NH2 group 

may attack the sp2-carbon nearest to the epoxide group 

from both the sides, resulting opening of the ring of the 

epoxide. Additionally, the C-C bond rotates the NH2 

group attached to the opposite side of the oxygen and 

bring NH2 group close to the oxygen. The NH2 group 

transfers one H-atom to the oxygen of epoxide and forms 

protonated groups. The other H-atom of NH2 group 

transfers to the hydroxyl group (-OH), resulting the 

release of a water molecule [31]. However, the 

mechanism nevertheless requires more depth 

verification. It should be noted that the reaction 

temperature also influences the deoxygenation 

efficiency of the reducing agents [32].  

 

Fig. 2. Cysteine derivatives present in onion juice21. 

 

Structural and optical studies 

XRD 

The XRD patterns of GO, S1, S2, S3, S4 and S5, and S6 

are shown in Fig. 3. It is reported that pristine graphite 

exhibits a diffraction peak at 2θ=26.420 (JCPDS No. 41-

1487) corresponding to (002) plane with d-spacing of 

0.336 nm [33]. Upon oxidation, it has been found that the 

(002) peak of pristine graphite shifts to the lower angle 

at 2θ = 11.160 corresponding to d-spacing of 0.87 nm 

which confirms the formation of GO. The increase in  

d-spacing is due to the attachment of oxygen containing 

functional groups and intercalation of water molecules to 

the layers of the graphite [19].  

 In contrast to GO, the rGO prepared at different 

concentrations of onion juice and heating temperature 

have different peak positions and d-spacing [34]. It is 

very clear from Fig. 3 that the rGO prepared at room 

temperature using 0.5 and 1.5 ml of onion juice does not 

have prominent peak at (002) (generally exist at 24-260) 

but shows peaks (100) at 41.170 and 41.370, respectively. 

While the rGO prepared at room temperature using 3, 5 

and 10 ml of onion juice shows prominent peak (002) at 
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24.060, 24.690 and 25.20, respectively along with 

additional peaks at 43.290, 42.910 and 42.20, 

respectively. The sample S6 prepared at 650C using 3 ml 

of onion juice also shows prominent peak (002) as well 

as additional peaks (100) at 25.140 and 42.450, 

respectively. The value of d-spacing ~ 0.346 nm of S1, 

S2, S3, S4, S5 and S6 is close to that of the pristine 

graphite. The disappearance of peak at 2θ=11.160 

indicates that the oxygen containing group of GO have 

been efficiently removed using onion juice as a reducing 

agent. The removing of oxygen containing functional 

groups with the recovery of a conjugated graphene like 

structure owing to partial reduction is the most attractive 

property of GO [34]. The significance of temperature on 

the reduction ability of onion juice could be visualized 

by looking at the XRD results. The quality of S6 is found 

to be better compared to samples synthesized at room 

temperature. Thus, it is believed that the recovery of a 

conjugated graphene like structure owing to partial 

reduction of GO could be achieved at certain reaction 

temperature by using specific concentration of the onion 

juice. 

 

 
Fig. 3. XRD patterns of GO and rGO. 

 

 The increased d-spacing in the prepared rGO 

samples signifies the fact that NH2 groups of onion juice 

could be covalently attached to the GO surface during 

reduction and layers are become well separated. The 

broadening of (002) peak in S5 and S6 compared to S3 

and S4 indicating the formation of disordered stacking 

structures of few layer graphene. It indicates that the 

stacking structure of graphene layers could be 

reorganized with increasing onion juice concentration 

and heating temperature. It is expected that the π-π 

stacking interaction of rGO layers may result in a strong 

binding to the NH2 molecules lying between them [30]. 

Recently, Liu et al.[35] has reported the direct redox 

reaction between the –NH2 group of benzylamine and 

GO for reducing GO into rGO.  

 The number of graphene layers were calculated with 

the help of the Debye- Scherer equation demonstrated by 

Ju et al. [36]. The calculation yielded a variation in 

number of layers in rGO layers and the value is lying in 

the range 4–7, subjected to different reduction level 

depending upon the concentration of onion juice. 

Raman spectroscopy 

Raman spectroscopy is an important tool to study 

graphene and other carbon based materials. Fig. 4 shows 

the recorded Raman spectra of GO, S1, S2, S3, S4, S5 

and S6 in the spectral range of 500-3000 cm-1. The major 

Raman bands in graphite appears at 1334, 1575 and  

2676 cm–l assigned to D, G and 2D Raman bands, 

respectively. While in case of single layer graphene the 

D, G and 2D Raman bands positioned at ∼1350, ∼1580 

and ∼2690 cm−1, respectively [37]. The G band arises 

from the first order scattering from the doubly 

degenerate E2g phonon in-plane (sp2 bonded carbons) 

vibrational modes of graphite in the Brillouin zone center 

as well as bond stretching of sp2 carbon pairs in both, 

rings and chains. While, the D band occurs due to the 

breathing in-plane zone-edge mode of the k-point 

phonons of A1g symmetry assigned to structural 

imperfections caused by the attachment of oxygenated 

groups on the carbon basal plane [38, 39]. Thus, the D 

band requires a defect for its activation and its intensity 

is therefore used to evaluate the degree of disorder. The 

intensity ratio of D to G band (ID/IG) represents a 

measure of disorder in graphene structure, which 

originates from defects associated with grain boundaries, 

vacancies and amorphous carbons [40]. Moreover, the 

overtone of the D band, called 2D band, is attributed to 

double resonance transitions resulting by the production 

of two phonons with opposite momentum. Furthermore, 

unlike the D peak, which is only Raman active in the 

presence of defects, the 2D peak is active even in the 

absence of any defects. The position and shape of 2D 

band is correlated with the number of layers present in 

the rGO [38]. 

 In the Raman spectrum of GO, two noticeable 

fundamental vibrational bands named as the D band and 

the G band are observed at 1377 and 1627 cm−1, 

respectively. The intensity of D band is comparable to 

that of the G band and the calculated ID/IG value for GO 

is about 1. It indicates the presence of significant 

structural disorder in the GO. It is worth to notice that in 

case of mechanically exfoliate perfect graphene, the D 

band is completely absent and the expected ID/IG value 

turns out to be 0. It means that the ID/IG value of rGO 

should be less than that of GO. As XRD results revealed 

that the quality of rGO is improved with increasing the 

concentration of onion juice, the ID/IG ratio of the 
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synthesized rGO must be reduced as the concentration of 

onion juice is increased. Therefore, Raman spectroscopy 

and XRD show a direct correlation between reduction 

level and growth in rGO. 

 The Raman spectra of rGO synthesized from  

onion juice assisted reduction of GO show two 

fundamental vibration bands observed in the range of 

1300-1700 cm-1. It is clear from Fig. 4 that there is an 

apparent variation in Raman features like the peak 

positions of D and G bands and the value of ID/IG. It has 

also been noticed that the intensities of Raman peaks 

reduced gradually after reduction treatment, suggesting 

the different degrees of reduction of GO at various 

synthesis conditions. The position of Raman bands and 

the corresponding ID/IG ratio of all the samples are given 

in Table 1. By comparing the peak positions of D and G 

bands of the synthesized rGO, it is observed that as the 

concentration of onion juice and reaction temperature are 

increased, considerable red shift in the D and G bands 

was observed. Raman shift might be related to the stress 

generated in crystal lattice of rGO during its formation. 

During reduction, GO undergoes structural changes due 

to rearrangement of oxygen and carbon atoms. The 

shifting in position and change in ID/IG value of rGO 

compared to that of GO were employed to reveal the 

change in structure of synthesized rGO. It is reported that 

G band shifts to higher value side in case of well 

exfoliated graphene sheets while cutting graphene sheets 

leads to widening of the G band [40, 41]. Shi et al. [42] 

reported that the value of ID/IG may be used to know the 

degree of reduction. In the present study, it is observed 

that the value of ID/IG of rGO is gradually decreased with 

increasing the concentration of onion juice, indicating 

gradual improvement in sp2 hybridized carbon atom 

structure. The value of ID/IG for all the synthesized rGO 

is found to be less than 1. It suggests the presence of 

more isolated graphene domain (sp2 hybridized carbon 

atom structure) in the synthesized rGO. The in-plane sp2 

cluster size (𝐿𝐴) can be calculated using the formula [43]: 

𝐿𝐴=2.4 × 10−10𝜆4 (
𝐼𝐷

𝐼𝐺
)
−1

 

where, λ denotes the wavelength of the laser light. There 

is an increase in the in-plane sp2 cluster size (see Table 

1) after increasing onion juice concentration and heating 

temperature. This is an indicative of the restoration of the 

sp2 moieties after the reduction. The increase in the 

cluster size may be the outcome of alternation of C atoms 

from sp3 to sp2 bonded domains [44]. As, the ID is 

proportional to the total number of defects (mostly come 

from sp3 carbon) present in the synthesized samples, the 

decrease in the concentration of defects causes to 

increase the size of sp2 clusters and ultimately the lattice 

gets distorted which influences the intensity of G band. 

Our results suggest that the lowering of ID/IG values may 

also be the consequence of the conversion of C atoms 

from sp3 to sp2. The defect density (𝑛𝐷) in the rGO 

structure can be calculated using the relation [43]: 

𝑛𝐷
2(𝑐𝑚−2) =7.3× 10−9𝐸𝐿

4 (
𝐼𝐷

𝐼𝐺
) 

where, 𝐸𝐿 denotes the energy of the laser light. A 

decrease of defect density is found from 2.26×10–7 cm–2 

to 0.96×10–7 cm–2 after different reduction of GO into 

rGO.  

 

 

Fig. 4. Raman spectra of GO and rGO. 

 
Table 1.  The D, G, ID/IG, in-plane sp2 cluster size (LA) and defect 
density (nD) of the synthesized GO and rGO samples. 

Sample D 

(cm-1) 

G 

(cm-1) 

ID/IG In-plane 

sp2 

cluster 

size  

(LA) nm 

Defect 

density 

(nD)  

cm–2 

S1 1377 1623 0.92 18.20 2.26×10–7 

S2 1376 1621 0.88 19.03 2.16×10–7 

S3 1370 1614 0.77 21.75 1.89×10–7 

S4 1368 1606 0.7 23.93 1.72×10–7 

S5 1357 1605 0.39 42.95 0.96×10–7 

S6 1348 1590 0.5 33.50 1.23×10–7 

GO 1377 1627 0.99 16.92 2.43×10–7 

 

 The effect of change in the synthesis temperature 

from room temperature to 65° C for a definite 

concentration (3ml) of onion juice has been studied 

considering the peak position and ID/IG vale of S3 and 

S6. The position Raman peaks in S6 is red shifted 

compared to that of S3. The value of ID/IG in S6 is 

decreased compared to that of S3, suggesting the degree 

of disorder in the graphene structure, which may be due 

to the increase in synthesis temperature. It is believed 

that the increase in reaction temperature could develop 

anharmonic coupling of phonons and boost the thermal 

expansion in the lattice, resulting in shift of G band 

towards lower wavenumber side. In the present case, the 

width of the G band remained unchanged up to the 

addition of 1.5ml of onion juice at room temperature 

while the D band intensity is varied followed by a slight 

change in the width of G band starts at the 3ml 

concentration of onion juice. The lack of broadening in 
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the G band supports that the D band originates from the 

edges. Even though the defect peak is observed in all the 

samples, we suggest that after adding 3ml of onion juice 

at room temperature as well as at higher temperature, the 

D band not only comes from edges of the graphene 

sheets but also from structural defects inside the 

graphene plane.  

 The 2D Raman band is the characteristic of double 

resonance transitions resulting from two-phonon  

Raman scattering process with opposite momentum  

(+k and -k) [45]. The 2D peak intensity in GO and rGO 

is found weak and careful data acquisition is necessary 

to study its characteristics. However, the features of 2D 

peak were observed only in case of S5. The Gaussian 

peak fitting of 2D band reveals four peaks at ~2505, 

~2609, ~2740 and ~2786 cm-1. It is well known that the 

appearance of 2D Raman band is important to estimate 

the number of layers in the rGO [46]. The S5 sample 

shows intense 2D peak, indicating less disorder in its 

structure. This may be due to the extremely fast process 

to get less time to form disordered lattice structure. 

Generally, the 2D Raman band of the monolayer 

graphene is observed at ~2679 cm-1 and this peak shifts 

to higher wavenumber (blue shift) side in case of multi-

layer graphene. It suggests the stronger interlayer 

coupling accompanied by removal of trapped interlayer 

species and functional groups [47]. In multi-layer 

stacked graphene, the 2D peak splits into two major and 

two minor components due to coupling between the 

layers [37]. The 2D-peak splitting in rGO spectra has 

been reported but it is often absent, probably due to weak 

interlayer coupling it has been observed in the present 

case in most of the rGO samples. On the other hand, the 

I2D/IG ratios of single, double, triple and multi-layer 

graphene sheets are reported to be >1.6, ~0.8, ~0.30 and 

~0.07, respectively [48]. In the present investigation, the 

2D band is observed in S5 sample with I2D/IG value  

~ 0.87. Unlike D and G bands, the changes in 2D bands 

were not distinct in the samples other than S5. This result 

indicates that the synthesized S5 sample may have more 

than two layers.  

TEM 

The TEM images of the synthesized S5 and S6 are shown 

in Fig. 5a-b. It shows a silky appearance with very less 

wrinkles and the planes overlap on each other. The 

transparent and silky nature of rGO confirms its stability 

under high energy electron beam [19]. From Fig. 5, it is 

cleared that the synthesized rGO is very thin and 

consisting of few layers. It is consistent with results 

obtained by Raman measurements. The SAED pattern as 

shown in the inset of Fig. 5 reveals the presence of all 

the diffraction rings which further support the formation 

of few layer graphene. The observation of some sharp 

diffraction spots in the SAED pattern of S6 indicate the 

presence of disorder which is also well supported by the 

presence of D band in the Raman spectrum. The 

interlayer distance calculated from TEM images is in 

good agreement with the XRD result. 

 Wrinkles and overlaps are two elementary 

morphological features of graphene materials [49]. Cote 

et al. [50] studied that these wrinkles and overlaps 

greatly depend on the pH of the solution. They have 

observed that graphene sheets became much more 

hydrophilic under basic conditions while hydrophobic 

under acidic. The presence of water molecule within the 

layers of graphene provide favorable conditions for the 

overlapped morphology. Due to the hydrophilic nature, 

graphene sheets intercalated with water molecules 

provide favorable conditions for sliding the sheets upon 

each other and gives an overlapped morphology. On the 

other hand, in acidic media, the edges of the interacting 

sheet are fixed due to hydrogen bonding between the 

carboxylic acid edge groups and prevent these sheets 

from sliding, resulting in wrinkles over the surface.  

Shen et al. [51] has also suggested that the wrinkles and 

crumpled graphene sheets can be formed because of the 

increased surface tension in the water casting process. 

The structure and morphology of graphene are also 

affected by the degree of oxidation, reduction, thickness, 

and relative concentration of hydroxyl (-OH) and 

epoxide (-O-) functional groups. It has been found that 

increased coverage of hydroxyl groups makes graphene 

to act as a brittle material, whereas epoxide groups 

strengthen the ductile nature of GO [52]. Likewise, Liu 

and Wang [53] reported that the formation of wrinkles is 

ascribed as defects in the carbon structure due to a long-

range stress developed on the graphene surface due to 

adsorbed additional atoms. 

 

 

Fig. 5. TEM images (a-b) of S5 and S6, respectively. Inset of Fig. 5  
(a-b): SAED pattern.   
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Fig. 6. FTIR spectra of GO and rGO. 

 

FTIR 

The FTIR spectra of the synthesized rGO samples are 

shown Fig. 6. Generally, four kinds of oxygen 

containing functional groups such as; epoxide (-O-), 

hydroxyl (-OH), carbonyl (-C=O) and carboxyl  

(-COOH) are known to exist in the GO. The epoxide and 

hydroxyl functionalities are major components located 

on the basal plane of GO while carbonyl and carboxyl 

are minor oxygen functionalities distributed at the edges 

of GO [19]. The presence of oxygen containing groups 

in the synthesized samples is clearly confirmed by 

looking at the FTIR spectra (see Fig. 6). In the FTIR 

spectra of GO, the peaks at ~3432 cm−1 and ~1404 cm−1 

correspond to O–H stretching and deformation vibration, 

respectively, while the peak positioned at ~1732 and 

~1630 cm−1 are assigned to C=O stretching vibration and 

aromatic C=C stretching vibration, respectively. The 

peak at ~1205 and ~1053 cm−1 can be ascribed to the 

stretching vibrations of C–O of epoxy and alkoxy C–O 

stretching vibration mode, respectively [54]. The 

appearance of a low intense peak at ~2350 cm−1 is 

associated with carbon dioxide [17]. Likewise, the peak 

at ~871 corresponds to aromatic C-H deformation [55]. 

The peaks at ~584 and ~444 cm−1 are referred to the 

characteristics of the epoxy stretching mode located over 

the basal plane of the GO [56, 57] and ether [48] 

respectively. The existence of these oxygen 

functionalities in GO confirms the hydrophilicity and 

stability of GO in aqueous systems. 

 The FTIR spectra of rGO synthesized at various 

concentrations and reaction temperatures show the peaks 

in the spectral range of 3431-3402 cm-1. These peaks 

mainly attributed to the stretching vibrations of O-H 

bonds. Two additional weak bands were observed in the 

spectral range 2922-2924 and 2852-2853 cm-1. These 

bands were absent in the FTIR spectra of GO. The bands 

are assigned to C-H stretching mode and N–H bending 

mode of the amine group [57]. The peak in S1 

correspond to carbonyl (C = O) groups at 1709 cm-1. This 

peak is absent in the other samples. The peak at ~1627 

cm-1 in S1 is assigned to C=C stretching. This peak is 

appeared at different wavenumber positions in the FTIR 

spectra of other samples. The peaks at ~1388 cm-1 and 

1376 cm-1 present in the FTIR spectra of S4 and S5, 

respectively correspond to C−O stretching mode [40], 

which indicating the hydrophilic nature of rGO. 

However, it was not present in the other samples 

prepared at lower concentration of onion juice. The 

disappearance of FTIR band associated with the various 

oxygen containing functional groups clearly validates 

the strong reducing ability of onion juice to transform 

GO into rGO.  

 

UV-Vis. spectroscopy 

The reduction phenomenon was also monitored by 

recording the UV-Vis. absorption spectra of the rGO 

samples synthesized at different conditions. The 

reduction of GO through onion juice could clearly be 

seen by changing the brown color of the aqueous 

dispersion of GO into black color of rGO as shown in the 

inset of Fig. 7. The UV–Vis. absorption spectrum of GO 

shows the plasmonic peak at ~232 nm due to π–π* 

transition of aromatic C=C bonds in sp2 hybridization 

region and a shoulder peak at ~303 nm, assigned to n–π* 

transitions of C=O bonds [58]. While in case of rGO, the 

plasmon peak shifted to higher wavelength side and 

appeared at ~ 275 nm for the samples synthesized at 

higher concentrations. It may be due to the increased  

π-electron concentration and structural ordering through 

the restoration of sp2 carbon network [5]. It implies that 

the GO is reduced effectively using onion juice. This 

result is consistent with the results obtained from XRD, 

Raman and FTIR measurements. The UV-Vis results 

indicate the higher oxygen content at lower 

concentration of onion juice as well as lower reaction 

temperature. The sharpness and absorbance of 

absorption peak corresponding to π-π* transition are 

increased gradually with increasing the concentration of 

onion juice. The electronegative oxygen functional 

groups disrupt the π-network symmetry and it is believed 

that after partial reduction, the rGO becomes a mixture 

of sp2 and sp3 carbon domains where sp2 carbon atoms 

are linked to the neighboring carbon atoms while the sp3 

carbon atoms are joined to the adjacent oxygen-

containing functional groups. Thus, the electronic 

structure of rGO is depended on the atomic ratio of 
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sp2/sp3 hybridized carbon atoms [48]. In such cases, the 

interaction between π and oxygen-related electronic 

states make π states to disappear near the Fermi level 

[59]. Therefore, the observed behavior of obtained 

absorption spectra in the present study reflects that the 

change in onion juice concentration as well as reaction 

temperature would influence the structure and optical 

behavior of the rGO. The red shifting of π–π* transition 

of rGO (prepared with different concentrations of onion 

juice) compared to GO suggests that the contribution of 

aromatic sp2 domains are increased owing to increasing 

the degree of reduction [58]. It has been demonstrated by 

Cushing et al. [60] that the strength of π-π* transition 

peaks is attributed to the presence of -OH functional 

group in the samples. The absorption spectra reveal that 

the number of -OH functional groups are increased with 

increasing the concentration of onion juice and reaction 

temperature which ultimately leads to the tunable optical 

properties of rGO that could be useful for various 

applications. 

 To examine the aqueous dispersion stability of the 

prepared rGO sample, the samples were dispersed in 

distilled water at a typical concentration of 0.5 mg/ml 

followed by ultrasonication at room temperature. The 

digital image of aqueous dispersion of S5 and S6 

samples are shown in the inset of Fig. 7. The prepared 

rGO is well dispersed in the distilled water as evidenced 

by the existence of black homogeneous solution. The 

present results suggest that the aqueous suspension of 

onion juice assisted synthesized rGO could be prepared 

in distilled water for various practical applications.  

 
Fig. 7. UV-Vis. spectra of GO and rGO. 

Conclusion 

The use of toxic reducing agents for the chemical 

reduction of GO into are harmful to human health and 

environment. The complicated surface modification 

during chemical reduction process is often needed to 

avoid aggregation of rGO. Here, we have reported a 

green and facile method for the synthesis of rGO based 

on the reduction of exfoliated GO using onion juice. The 

most important advantages of the onion juice are their 

abundance in nature and cost effectiveness. This green 

method could be applicable for large scale production of 

rGO. The reduction process was carried out in aqueous 

medium at a specific temperature. We demonstrated that 

the onion juice has tremendous potential to be used as 

reducing agent for the reduction of GO. The XRD, UV-

Vis. and FTIR measurements of the resultant rGO 

powder samples confirm the high reduction ability of 

onion juice. The TEM measurements reveal the 

formation of silky and wrinkled graphene layers. The 

Raman spectra were used to assess the quality of the 

synthesized rGO materials. The obtained features of 

aqueous dispersibility endow this green approach to 

construct various rGO based materials with great 

potential. The main advantages of this approach over the 

conventional chemical reduction are the cost-

effectiveness, environmental friendly and simple 

reduction process to produce graphene like configuration 

with unique in structural and optical properties.  
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